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Introduction
Gastric cancer, one of the most common cause of global mortality (1) , is hardly benefited through surgical resection as it is mostly diagnosed at an advanced stage of the disease and is accompanied by malignant proliferation, extensive invasion and lymphatic metastasis (2, 3) . This highlights the imminent requirement for discovery of more molecular markers that can be potential and more efficacious therapeutic targets in gastric cancer patients.
Noncoding RNAs (ncRNAs), small (<200 kb) and long (lncRNAs) (>200 kb), have been recently shown to be involved in both tumor suppressive and oncogenic pathways (4-7).
Anomalous expression of lncRNAs have been reported in a wide variety of human diseases and cancers, inclusive of gastric (8, 9) , prostate (10) (11) (12) and breast (13, 14) cancer.
Both the aforementioned studies (8, 9) have suggested that the HOTAIR (Hox transcript antisense intergenic RNA), a ~2.2-kb long non-coding RNA transcribed from the HOXC locus, is upregulated in gastric cancer tissues and it might be involved in both the process of gastric cancer tumorigenesis as well as metastatic progression. In fact, it has been shown that oncogenic activity of HOTAIR in gastric cancer is dictated by its ability to function as a competing endogenous RNA (ceRNA) that can regulate the expression of human epithelial growth factor receptor 2 (HER2) through competition for miR-331-3p (9) . However, the overall biological role and underlying molecular mechanism of HOTAIR in gastric carcinogenesis remains largely undefined.
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Materials and Methods

Clinical samples, tissue processing, and ethical considerations
RNA extraction, Northern blot, and quantitative reverse transcriptase PCR (qRT-PCR)
RNeasy kit (Qiagen, Grand Island, NY) was used to isolate total RNA from the stored tissue specimens or cell lines following the manufacturer's instructions. Northern blot using full length HOTAIR was done as described before (15) . For qRT-PCR, 1 μg total RNA was reverse transcribed using KAPA SYBR® FAST One-Step qRT-PCR Kits as per manufacturer recommendations. Primers used for HOTAIR amplification were Forward -5'-CAGTGGGGAACTCTGACTCG-3' and Reverse -5'-GTGCCTGGTGCTCTCTTACC-3'. All amplified amplicons were verified through agarose gel electrophoresis. The assays were performed in triplicates and done at least five different times and 2 −ΔΔCt method was used to determine the relative lncRNA expression levels. TBP was used as an endogenous control for data normalization. Data is represented as post-normalization mean ± standard deviation (SD). Michrom Bioresources, Auburn, CA, USA). A linear gradient of 80 minutes from 5% to 40% acetonitrile in H 2 O with 0.1% formic acid was used to separate peptides on a 10 cm long fused silica emitter packed with C18 resin spraying directly into the mass spectrometer at a flow rate of 0.5 µl/min. The MS instrument was operated in positive ion mode. The data-dependent acquisition mode was set to acquire one MS scan followed by three collision induced dissociation MS/MS scans. The MS full scans were recorded over a mass range of 400-1600 m/z.
Plasmid constructs, transfection, and transduction
Dynamic exclusion was enabled, the repeat count was set to 2 and the exclusion duration to 30s. The acquired raw files were converted to mzXML files using ReAdW with default settings and searched against the mouse IPI database version 3.26 with the Sequest search algorithm. The Sequest search parameters contained the static modification of cysteine +57.02 Da, at least one tryptic terminus and one missed cleavage was allowed. The data were further processed using the using the Trans-Proteomic Pipeline TPP including PeptideProphet and ProteinProphet to estimate the false discovery rate in the datasets. A protein probability of 0.5 was set as a cutoff corresponding to a false discovery rate of approximately 5%. The protein list was annotated for secreted proteins using the algorithm SignalP and further manually curated for secreted proteins using UniProt database and literature search. Functional annotation was assigned using the PANTHER Classification system. Relative enrichment or depletion in the GES-1 cells ectopically overexpressing HOTAIR was determined relative to mock-treated GES-1 cells and data was normalized to TBP expression levels. Log (2) fold-change (increase or decrease) above 3 was considered significant.
Immunoblot analysis
Indicated cells were washed twice in PBS (pH 7.4), scraped into 15-mL conical tubes, and centrifuged at 1,000 × g at 4°C for 5 minutes. Cell extracts were prepared by lysis in NET buffer The detection was done using horseradish peroxidase-labeled secondary antibodies and enhanced chemiluminescence detection reagent. Ltd., China). Tumor diameters were measured on alternative days, and volumes calculated using 
RNA immunoprecipitation (RIP), qRT-PCR, and data analyses
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the estimation: width 2 × length × 0.5. Animals were sacrificed on day 56 and tumor weights were measured off excised tumors.
To measure metastatic potential, 10 6 indicated cells were injected into the right lower lobe of the liver in mice following instructions described before (14) . Animals were sacrificed on day 56
and all tumor nodules were counted. For each set of animal experiments 5 mice were used per experimental group.
Statistical analysis
Two-tailed Student's t test was used to calculate statistical significance between two comparator groups. The differences of lncRNA expression between paired tissue sample was evaluated with Wilcox matched pairs signed ranks test. A P value < 0.05 was considered as statistically significant.
Results
HOTAIR lncRNA expression is upregulated in gastric cancer tissues and correlated with poorer survival
The level of HOTAIR expression was determined in 50 paired gastric cancer samples and matched adjacent, histologically normal tissues by qRT-PCR, and normalized to TBP expression.
HOTAIR expression was significantly upregulated in cancerous tissues (mean ratio of 93.14-fold, P<0.01) compared with normal counterparts (Fig. 1A) . HOTAIR expression was not associated with gender (P=0.834) and tumor site (distal third, middle third, or proximal stomach) (P=1.234) ( 
13 differentiation (P=0.038), distant metastasis (P=0.021), and lymph node metastasis (P=0.003) ( Table 1) . Furthermore, the patient cohort with relatively higher HOTAIR expression had a significantly less overall survival compared to the cohort with relatively lower HOTAIR expression (P<0.001) (Fig. 1B) , cumulatively reinforcing previous findings (8, 9 ) that HOTAIR expression might be a useful as a diagnostic and prognostic marker for gastric cancer.
Effect of manipulation of HOTAIR expression level in gastric cancer cell lines
We first evaluated relative expression of HOTAIR through Northern blot analysis in the immortalized human gastric epithelial mucosa cell line GES-1 and human gastric cancer cell lines, SGC-7901, BGC-823, and AGS ( Fig. 2A) . Along expected lines, GES-1 had the minimum HOTAIR expression. Of the gastric cancer cell lines tested, BGC-823 had the highest HOTAIR expression ( Fig. 2A) . Since cell migration and invasion are essential prerequisites for cancer metastasis we next evaluated the effect of differential HOTAIR expression on in vitro migration and invasion. To manipulate HOTAIR levels in BGC-823 cells, two separate HOTAIR specific siRNAs or a scrambled control were transiently transfected. Conversely, a pcDNA-HOTAIR vector was transiently transfected to ectopically overexpress HOTAIR in the GES-1 cell line.
Successful RNAi mediated knockdown and ectopic expression of HOTAIR in BGC-823 ( Fig.   2B ) and GES-1 (Fig. 2C) invasion assays (Fig. 2E) , suggesting that HOTAIR can promote both in vitro gastric cancer cell motility and invasion.
Impact of differential HOTAIR expression on in vivo tumor growth and metastasis
The effects of HOTAIR expression on tumor growth in vivo were determined in a subcutaneous xenograft assay using the BGC-823 and GES-1 cells, the former either stably expressing a Renilla or HOTAIR shRNA, and the later either stably overexpressing Renilla or HOTAIR cDNA. Our results showed that shRNA-mediated silencing of HOTAIR expression lead to a significant attenuation of tumor growth rate, as compared to Renilla-shRNA transfected control in BGC-823 cells (Fig. 3A) (P<0.01) and tumor burden (Fig. 3B) (P<0.01) . Conversely, forced expression of HOTAIR in the GES-1 cells induced rapid tumor growth rate (Fig. 3A) (P<0.01) and tumor burden (Fig. 3B) (P<0.01) . Finally, we investigated the role of HOTAIR expression on tumor metastasis by using a hepatic tumor growth model. HOTAIR-shRNA transfected stable BGC-823 cells significantly inhibited, and HOTAIR-overexpressing stable GES-1 cells significantly induced, formation of hepatic tumor nodules in non-injected liver lobes (Fig. 3C) .
Cumulatively our results suggested that HOTAIR expression is both pro-tumorigenic and prometastatic in gastric cancer.
PCBP1 expression is inversely correlated to HOTAIR expression in gastric cancer cells
In order to determine the underlying mechanism of HOTAIR in gastric cancer pathogenesis we sought to perform proteomic analyses in the GES-1 cells ectopically overexpression HOTAIR. Table 2 ). PCBP1 showed the maximal downregulation (8.54019 ± 1.3457 fold) following HOTAIR overexpression and hence we decided to validate and further evaluate its role in gastric cancer pathogenesis and progression.
We subsequently validated the steady state expression level of PCBP1 protein in normal and gastric cancer tumor tissue from patients and observed that PCBP1 expression was almost absent in tumor tissue sample (Fig. 4B) and BGC-823 cells (Fig. 4C) , both cases where higher HOTAIR expression were noted (Fig. 1A, 2A) . Cumulatively, our data suggest that PCBP1 is robustly downregulated when the relative expression of HOTAIR is enhanced.
To confirm direct interaction between HOTAIR lncRNA and PCBP1 we performed RNAimmunoprecipitation (RIP) with an antibody against PCBP1 before performing qRT-PCR with the immunoprecipitated mRNA. As shown in Fig. 4D , we saw an inverse relationship between HOTAIR expression level ( Fig. 2A) 
Modulating PCBP1 expression is enough to mimic effect of HOTAIR expression on in vivo tumor growth and metastasis
The effects of PCBP1 expression on tumor growth in vivo were determined in a subcutaneous xenograft assay using the BGC-823 cells stably overexpressing Renilla or HOTAIR cDNA. Our results showed that ectopic expression of PCBP1 in the BGC-823 cells attenuated rapid tumor growth rate (Fig. 5A ) (P<0.01) and significantly decreased the tumor burden (Fig. 5B ) (P<0.01), compared to the BGC-823/Renilla xenografts. We next investigated the role of PCBP1 expression on tumor metastasis by using a hepatic tumor growth model. PCBP1-overexpressing stable BGC-823 cells significantly inhibited formation of hepatic tumor nodules in non-injected liver lobes (Fig. 5C) . Cumulatively, and in comparison to results depicted in Fig. 3, our results suggested that whereas HOTAIR expression is both pro-tumorigenic and pro-metastatic in gastric cancer, PCBP1 expression seems to have a diametrically opposite effect in being antitumorigenic and anti-metastatic.
Discussion
Previous studies have indicated that lncRNAs are key players in gene regulatory processes and can influence both normal and transformed cellular functionality (16, 17) . LncRNAs do not code for proteins; however they have been reported to control transcription, indicative that differences observed in lncRNAs between normal and transformed cells is not merely a secondary readout 
for cellular transformation. In fact, lncRNAs are reportedly associated with metastatic cancer progression (18) (19) (20) (21) . Our findings are corroborated by two recent reports (22, 23) . RNAi mediated knockdown of HOTAIR was shown to induce gene expression changes characteristics of inhibition epithelial to mesenchymal transition and also functionally inhibited in vitro migration and invasion (22) . In a study conducted in Iran it was shown that HOTAIR expression correlated with perineural invasion, distant metastasis, and TNM staging in gastric cancer (23) .
However, little information regarding the underlying mechanism of lncRNAs in gastric cancer pathogenesis is available. In that perspective our current profiling of HOTAIR and subsequent elucidation of PCBP1 is of paramount significance in advancing the knowledge base.
HOTAIR is a member of the human HOX loci associated 231 ncRNAs (14) and it is evident that nuclear HOTAIR can target polycomb repressive complex 2, altering H3K27 methylation and gene expression patterns across the genome (14, 24) . Recent work reported a scaffold function for HOTAIR in the cytoplasm as an inducer of ubiquitin-mediated proteolysis (25) .
Our proteomic profiling, RIP/qRT-PCR and subsequent validation indicate that PCBP1 and HOTAIR has inverse roles in gastric cancer pathogenesis and metastatic progression. Several studies corroborate our current finding that PCBP1 can function as a robust tumorigenic and metastatic inhibitor. In one of those, a transcript-selective translational regulatory pathway was described in which a ribonucleoprotein (mRNP) complex, consisting of Poly(C) binding protein 9 (18) 9 (18) 14 (28) 18 (36) Kaplan-Meier overall survival curves based on differential HOTAIR lncRNA expression level.
The overall survival of the High-HOTAIR group (n=35: HOTAIR expression ratio ≥ median ratio) was significantly higher than that of Low-HOTAIR group (n=15; HOTAIR expression ratio ≤ median ratio; P = 0.0039, log-rank test). 
